Short-term preservation of maize landrace seed and taro propagules using indigenous storage methods  by Modi, A.T. & Bornman, C.H.
South African Journal of Botany 2004, 70(1): 16–23
Printed in South Africa — All rights reserved
Copyright © NISC Pty Ltd
SOUTH AFRICAN JOURNAL
OF BOTANY
EISSN 1727–9321
Short-term preservation of maize landrace seed and taro propagules using
indigenous storage methods
AT Modi
Research Centre for Plant Growth and Development, School of Agricultural Sciences and Agribusiness, Discipline of Crop
Science, University of KwaZulu-Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
e-mail: modiat@ukzn.ac.za
Received 4 August 2003, accepted 14 October 2003
Some native subsistence farmers in South Africa store
maize (Zea mays L.) cobs over a fireplace and subject
the seeds to smoke and heat. Taro (Colocasia esculenta
L. Schott.) propagules are maintained in dry pits for one
month, in layers separated by grass straw, and water is
prevented from contacting them. These methods have
been used together with others to maintain landraces
for centuries, but they have largely been abandoned
with no modern technology replacements. The objective
of this study was to examine the effects of the maize
and taro storage methods on the quality of planting
material. Experiments were conducted on three subsis-
tence farms located in KwaZulu-Natal, and at the
University of KwaZulu-Natal, South Africa. Two maize
landraces, yellow and white, were subjected to the
smoke-over-fire storage method for five months during
the normal off-season period for maize production in
the location. Control maize seeds were stored in
unsealed containers away from fire and smoke. Taro
propagules of different sizes (80–100g corm–1, 40–60g
corm–1 and 20–30g corm–1) were compared for storabili-
ty in dry pits, in layers separated by grass straw, for one
month. Subsequently, sprouted corms were stored in
dry conditions to allow shoot development. During
maize seed storage, water content was determined
monthly. Maize seed quality was determined by viability,
germination and seedling vigour. Sprouting and rooting
during taro pit storage, and main shoot development
during air storage were used to determine taro propag-
ule performance in storage. Seeds that were stored over
fire and smoke showed higher germination and vigour
that non-smoked seed. Sprouting and shooting of taro
propagules were better in large propagules and the opti-
mum storage depth was 35cm to 40cm. α-amylase activ-
ity increased during pit storage and declined to almost
the pre-storage levels during shoot growth period out-
side the pits, in all corm sizes. It is concluded that
smoke and heat storage improve maize seed quality and
pit storage enhances taro propagules by inducing
sprouting. Data from this study can be used to investi-
gate the physiological and biochemical basis of seed
and propagule quality enhancement, and possibly con-
tribute to technological inventions that are based on
indigenous knowledge systems.
Emphasis in agriculture has been shifting since the 1980s
from a primary goal of maximising yields and profit over a
short term to a perspective that also values the ability to sus-
tain productivity over the long term. The broad application of
the term sustainability encompasses careful use of the nat-
ural resource base to maintain a viable economic founda-
tion. Germplasm maintenance is a key component of sus-
tainability in agriculture (Wilkes 1992). In industrialised agri-
culture, genetic diversity, the basis for developing new vari-
eties, is achieved through an international network of
germplasm repositories. Typically, these consist of an ex situ
storage facility or seedbank, and some nearby fields where
plant varieties can be cultivated either continuously (for
recalcitrant seed species) or periodically (for orthodox seed
species) (Fucillo et al. 1997).
In traditional agriculture, genetic diversity is created by a
diverse array of local varieties called landraces. The use of
landraces is justified by adaptability to local conditions of
environment and inputs (Frankel et al. 1995). Landraces can
also be maintained in regional germplasm repositories, but
this often results in genetic drift and germplasm inaccessi-
bility to small farmers. Hence, in situ conservation to main-
tain landraces is a preferred option for traditional small farm-
ers (Brush et al. 1995). However, in situ conservation is
threatened by economic pressure to replace local varieties
with high-yield cultivars (Hunter 2002). Consequently, it may
require a programme of financial subsidies and other forms
of co-operation to encourage small farmers to continue
growing landraces (Wilkes 1992). Such programmes would
be a worthwhile investment for high-tech agriculture,
because the pool of genetic diversity in landraces is an
important resource for breeders trying to develop high-yield
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cultivars. Allowing landraces to disappear undermines the
foundation of genetic diversity of domesticated species.
There is a large body of literature on traditional methods
of breeding involving selection of superior plants, and how
mass selection in particular, was used extensively before the
development of the discipline of plant breeding as a science
(Harlan 1992, Fucillo et al. 1997, Maxted et al. 1997). The
role of on-farm storage, however, is not commonly viewed
as being significant as a means of selecting superior
germplasm. The poor view of on-farm seed storage is prob-
ably due to the poor or poorly understood storage tech-
niques. ‘For centuries, seeds were simply stored either in
baskets buried with ash, sealed in adobe structures or
packed in elevated thatched huts’, stated Probert and Hay
(2000). This poor image delayed the full exploitation of seed-
banking, driven by the need to safeguard the Earth’s dwin-
dling genetic resources, until the last three decades or so.
The purpose of seed storage is to preserve planting
stocks from one season to the next. Selection of superior
germplasm to ensure a successful crop occurs in three
stages in traditional small-scale farming: 1) selection of
superior plants from a genetically variable population in a
field, 2) selection of superior regenerative propagules (seed
or vegetative planting material) prior to storage and 3) selec-
tion of superior planting material that survived storage
rigours. In some cases (e.g. seed companies), the objective
of seed storage is to maintain seed quality for the longest
duration possible. This approach creates a greater diversity
in seed inventory and provides a guarantee of seed supply
in years when acceptable seed quality production is low. In
addition to providing seed for the next planting and creation
of seed inventory diversity, seed storage enables the main-
tenance of germplasm over time for improved plant breeding
programmes. Evidence of seed viability after decades
(Priestley 1986) and centuries (Ohga 1926, Becquerel 1934,
Porsild and Harrington 1967) of storage, emphasises the
value of seed storability in germplasm maintenance. The
establishment of international initiatives such as the
International Plant Genetic Resources Institute (IPGRI),
under the auspices of the Consultative Group on
International Agricultural Research (CGAIR), and the
Millennium Seed Bank Project of the Royal Botanic
Gardens, Kew, at Wakehurst Place, are two examples of the
world’s response to the need of seed storage in germplasm
maintenance.
To maintain seed viability during storage, high quality
seeds must be selected before they are placed in storage.
Conditions that promote maintenance of original seed quali-
ty are required for germplasm preservation, which could be
a period of a few months to many years. Water content and
temperature are the most important factors determining
seed storability. In the past two decades smoke has been
shown to improve seed germination of almost 200 species
from more than 40 families (De Lange and Boucher 1990,
Thomas and Van Staden 1995, Roche et al. 1997, Bell 1999,
Adkins and Peters 2001). Very few of these were agricultur-
al species (Drewes et al. 1995, Dorherty and Cohn 2000,
Modi 2002a). The smoke components that cause improve-
ment of germination have not been identified (Brown and
Van Staden 1997, Keeley and Fotheringham 2000).
Post-harvest biotechnology for vegetative seed materials
is fundamentally different from that of orthodox seeds,
because the former have high water content and remain
metabolically active during storage. Hence, on-farm live
germplasm preservation is preferable for crops such as taro,
yam and sweetpotato. In situations where land is limited and
crop rotation is obligatory for subsistence and small-scale
commercial agriculture, storage of seed corm in live stands
is not a viable option. Hence, indigenous ingenuity is used to
ensure high quality planting material for the next planting
season.
Maintenance of high quality seed has an important contri-
bution to germplasm conservation, because it entails selec-
tion of superior phenotypes. Previously (Modi 2002a) it was
reported that some subsistence farmers in South Africa use
smoke as an indigenous method of maize seed storage, and
the method was found to have merit with respect to seed
quality enhancement. During that preliminary study, it was
also realised that the farmers also rely on the performance
of reproductive propagules in storage as an important tool
for selection of superior planting material of maize and taro.
The increasing replacement of landraces by commercial cul-
tivars, however, means that storage skills are being lost,
because commercial cultivars cannot be reproduced on-
farm without loss of genetic integrity (Hunter 2002). In this
study the indigenous storage techniques used by subsis-
tence farmers in KwaZulu-Natal, South Africa, were exam-
ined for efficiency as seed enhancement techniques and
potential tools for selecting superior planting material. It is
perceived that the efficiency of these techniques would pro-
vide evidence of their usefulness in germplasm mainte-
nance.
Materials and Methods
Source of plant material
Seeds and corms of maize and taro landraces, respectively,
were donated by subsistence farmers of Embo Traditional
Authority at Umbumbulu location, KwaZulu-Natal, South
Africa. Two maize landraces and one taro landrace, that
were grown under rainfed (and upland for taro) conditions in
the locality for at least four generations as traditional crops
(Modi 2003) were selected. Both maize and taro were intro-
duced into South Africa, possibly via Europe (maize, which
is a national staple), and via Madagascar (taro, which is
mainly a KwaZulu-Natal coast and hinterland traditional
crop). The major phenotypic characters that differentiated
the maize varieties were seed colour. One variety had white
seeds and the other had yellow seeds. The taro variety was
characterised by a red petiole at the upper 3cm to 5cm,
including the petiole-leaf blade interface.
On-farm selection and storage of maize seeds and taro
propagules
Maize: Three seed lots were derived from three separate
subsistence farms that used the same germplasm of white
and yellow maize. The farms are located about 0.5km apart.
From 0.1ha of a crop planted at 37 000 plants ha–1, sixty
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plants carrying uniformly filled cobs were selected, and
tagged, with the guidance and assistance of each farmer at
approximately physiological seed maturity (Herman 1996),
in mid-March. The cobs were harvested in mid-May, and
stored for six months either about 2.5m above a centrally
located fireplace in a thatched hut or in unsealed, but closed,
metal bins at ambient temperatures (range: 15–25°C, from
May to October) in a separate hut. During the fireplace stor-
age, a fire was lit once a week for three to five hours using
various unidentified woods. Seeds were sampled monthly
during storage for determination of water content. At the end
of the storage period seeds of each landrace were separat-
ed from cobs and 0.2–0.3kg of each treatment (smoked or
non-smoked seed) were transferred to a seed technology
laboratory at the University of KwaZulu-Natal,
Pietermaritzburg. Seed viability [tetrazolium chloride test
(AOSA 1983)], germination and vigour (seedling dry weight)
were assessed according to the Association of Official Seed
Analysts (1993) except that the test period was 10 days
instead of seven days. The experiments were replicated
three times, using each farm as a replicate, and analysis of
variance was performed using Genstat® version 6
(Rothamsted Experimental Station, UK).
Taro: Taro corms (80–100g corm–1) were planted (55 500
plants ha–1) on each of the farms described under maize,
above, and grown under rain-fed, upland conditions in 0.1ha
of land. Three months after planting, plants were selected for
large leaf size, leaf freeness from pathogenic defects and
tallness, with the guidance and assistance of the farmers.
Three months later, at harvest maturity, plants were harvest-
ed by digging corms with a hand hoe. Undamaged corms
were graded into three propagule sizes: large (80–100g
corm–1), medium (40–60g corm–1) and small (20–30g
corm–1). Traditional farmers normally use the large corms for
planting. In the rural areas, propagules would be spread on
a dry surface in a hut at room temperature (20–25°C) for two
days, to dry the surfaces, before they were transferred to a
stacked storage system. The piled storage would be created
by laying about 5cm of grass straw on dry ground in a soil pit
protected from rain. On the straw, a layer of propagules
would be placed. The system would be repeated until 10 lay-
ers of 80 to 100 propagules were created. The top layer
would be about 10cm of air-dry soil covered with a slightly
above-ground layer of straw. For the purposes of this study
propagules were conveniently assumed to be at 5cm inter-
vals, and the top propagule layer started at 10cm depth.
Propagules were stored buried in stacks for one month
before they were assessed for sprouting and rooting. For
another month, sprouted propagules were cured in a
glasshouse (~27 ± 3°C) at the University of KwaZulu-Natal,
on dry soil, as they would be treated in the rural areas. The
main shoot size per propagule was determined at the end of
the second month. To assess starch degradation during stor-
age, α-amylase activity was determined (Modi 2002b) and
correlated with total protein content (Modi 2002b) in freeze-
dried and pulverised corms with the outer corm layer
removed. The experiment was replicated three times as
explained for the maize experiment and analysis of variance
was performed using Genstat® version 6 (Rothamsted
Experimental Station, UK).
Results
Enhancement of maize seed quality by smoke and heat
storage
Smoke storage significantly (P < 0.01) reduced seed water
content compared with bin storage (non-smoked) (Figure 1).
All seeds were viable at the end of the storage period, and
there was no significant effect of storage (data not shown).
Significant differences between storage methods (P = 0.01)
were observed in seed germination, but there were no sig-
nificant differences between varieties (Figure 2). For both
varieties, smoked seeds also produced significantly (P =
0.001) larger seedling mass than non-smoked seeds, and
there were also significant (P = 0.04) differences between
varieties (Figure 3).
Enhancement of taro propagules by stacked storage
Before the beginning of storage, α-amylase activity of small
corms was significantly (P = 0.01) higher than that of medi-
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Figure 1: Changes in seed water content of two landrace maize
varieties (white and yellow) during storage over a fireplace
(smoked) or at ambient temperatures (non-smoked) during five
months after harvest
Figure 2: Germination of two maize landraces (varieties) five
months after storage over fire (smoked) or at ambient temperatures
(non-smoked)
um and large corms, which were not significantly different
(Figure 4). One month of storage caused the α-amylase
activity to increase, but it decreased to levels lower than
those that were found before storage (Figure 4). The
decrease in α-amylase activity during the three months of
storage was positively correlated (r = 0.88) with the protein
content (Figure 5).
There were significant differences between corm sizes (P
= 0.03) and storage depths (P < 0.001), with respect to
sprouting and rooting during the three months of storage.
The deeper the storage, the less sprouting occurred in all
corm sizes (Figure 6). Large corms showed significantly
fewer sprouts than the medium and small corms (Figure 6).
The optimum sprouting depth was 15–20cm for the small
and medium corms, and 10–15cm for the large corms
(Figure 6). No sprouting occurred at 55cm storage for the
small and medium corms, and storage at depths >25cm
inhibited sprouting of large corms (Figure 6).
Rooting of all corm sizes occurred at all storage depths
(Figure 7). Small and medium corms rooted well until 40cm
depth, before there was a significant decline in the number
of propagules that rooted. Large corms sprouted poorly
compared with the smaller corms, except when stored at
depths greater than 40cm, which promoted rooting in large
Figure 3: Comparison of the effects of smoke storage (+ smoke)
and ambient temperature storage (– smoke), with respect to
seedling development (after radicle protrusion) in the white maize
landrace. Note: 2 days, 6 days and 10 days = days of germination
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Figure 4: α-amylase activity in taro corms of different sizes (large =
80–100g, medium = 40–60g and small = 20–30g) before storage
(month 0), one month after storage in soil pits (month 1), and one
month after removal from storage and sun-curing (month 2)
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Figure 5: Total protein content in taro corms of different sizes (large
= 80–100g, medium = 40–60g and small = 20–30g) before storage
(month 0), one month after storage in soil pits (month 1), and one
month after removal from storage and sun-curing (month 2)
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corms (Figure 7).
Simultaneous occurrence of both sprouts and roots in the
same propagule was significantly (P = 0.01) better for large
corms compared with the smaller ones (Figure 8).
Improvement of simultaneous sprouting and rooting with
storage depth showed the pattern: large corms > medium
corms > small corms until 40cm (Figure 8). Beyond 40cm,
large corms showed less sprouting and rooting than the
medium and small corms, which continued to improve
(Figure 8). A significant proportion of corms without sprouts
occurred at storage depths >40cm, and fewer corms failed
to sprout or root at the shallower depths (Figure 9). Large
corms showed the least number of propagules failing to
sprout and (or) root (Figure 9). It was interesting to observe
that all corms sprouted at 35–40cm (Figure 9).
One month after storage, the mean root length improved
with storage depth in all corms (Figure 10). However, small
corms showed a significantly (P = 0.03) smaller root length
than medium and large corms, which were not significantly
different (Figure 10). Two months after storage, the mean
length of the main shoot increased in a triphasic pattern with
storage depth, and the optimum shoot length occurred at
about 40cm (Figure 11). In general, shoot size also
increased with increasing corm size (Figure 11).
Discussion
Effects of smoke and heat storage on maize seed quality
In the context of a genebank, maintenance of high seed
quality during storage is enhanced by low temperature and
low moisture content. Germplasm preservation in
genebanks where no refrigeration (–18°C) is available,
requires that orthodox seeds are dried at temperatures of
~20°C to a moisture content of ~11% before hermetic stor-
age at ambient temperatures (Ellis et al. 1989). That storage
approach was termed ‘ultra-dry’ storage by the International
Board for Plant Genetic Resources (1992). In the present
study, low seed moisture content created by artificial drying
at high temperatures (>ambient) improved seed germination
in maize. Seed moisture content was reduced to about 8%,
but viability was maintained at 100%. Viability of seeds after
hermetic storage (4 years) at high temperatures (50°C) was
demonstrated by Ellis (1998) in sesame (Sesamum indicum
L.). Contrary to the suggestion that ultra-dry storage could
be damaging to seed vigour (Vertucci and Ross 1990), the
present study confirmed evidence that seeds stored at low
moisture content have a higher vigour (Ellis et al. 1991) than
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Figure 6: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to sprouting during one
month of incubation storage in soil pits
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Figure 7: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to rooting during one
month of incubation storage in soil pits
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Figure 8: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to the number of corms
that had both sprouts and roots during one month of incubation stor-
age in soil pits
those stored at higher moisture contents (Figure 3).
The positive effects of low moisture content could be due
to reduced free radical activity (Bewley 1986, Wilson and
McDonald 1986). That argument, however, needs to be
understood in context. Lipoxygenase enzyme activity, which
generates free radicals, is enhanced at >14% moisture con-
tents, and autoxidation is accelerated at high temperature
and increased oxygen levels (Wilson and McDonald 1986).
It could also be argued that smoke, which was present
simultaneously with high temperatures during storage, had a
permanent effect on seed testa, which prevented oxygen
rise around the embryo during storage, thus creating her-
metic conditions as far as the embryo is concerned. This
speculation can be investigated by examining chromosomal
aberrations in maize during storage in the presence of
smoke (and heat). Whereas mitotic lesions are unlikely to
affect the genetic integrity of stored germplasm (Roos 1982),
chromosomal aberrations delayed seedling growth in barley
(Murata et al. 1984). Delayed seedling growth (Figure 4)
could cause predisposition to other environmental rigours,
such as pathogens (e.g. cutworm) and cold temperatures.
Keeley and Keeley (1987) suggested that smoke acted
internally in the seeds, in its influence on germination.
However, Egerton-Warburton (1998) showed that smoke
enhanced seed coat permeability to oxygen during imbibi-
tion. It is important to note that in most of the previous stud-
ies (De Lange and Boucher 1990, Bell 1999, Adkins and
Peters 2001) the dormancy-breaking capability of smoke
was shown, whereas in the present study, enhancement of
seed vigour (rapidity of germination and seedling size;
Figures 2 and 3) was the basis of smoke effect on seed qual-
ity.
Enhancement of taro propagules by stacked storage
Taro contains 70% to 80% starch (Tu et al. 1979). Hence it
was anticipated that α-amylase activity would be increased
in the process of corm germination. Indeed, there was an
increase in α-amylase activity after one month of corm incu-
bation (Figure 4), which was correlated with a decline in pro-
tein content (Figure 5). Although no reports of starch degra-
dation during taro corm storage were found, α-amylase
activity, and its inhibitors, in potato tubers during storage
have long been known (Hemberg 1985). Manipulation of α-
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Figure 9: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to the number of corms
that failed to sprout and to root during one month of incubation stor-
age in soil pits
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Figure 10: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to the root length after
one month of incubation storage in soil pits
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Figure 11: Comparison of taro corms (large = 80–100g, medium =
40–60g and small = 20–30g) with respect to the main shoot length
prior to planting after one month of incubation storage in soil pits
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amylase to control taro corm storage requires investigation.
Unlike orthodox seeds, which can be desiccated to
enhance storability at ambient temperatures, vegetative
propagules cannot be dried to water contents much lower
than those occurring at harvest without serious loss of qual-
ity. However, it is notable that in this study subsistence farm-
ers recognised the importance of curing fresh seed corm to
reduce surface moisture content and harden the peel,
before burying corms for three months to accelerate sprout-
ing. The effect of that treatment was minimisation of corm
losses due to pathogens. Only about 2% to 4% of the
propagules were rotten during storage, but no significant dif-
ferences between depths and corm sizes were observed,
hence no data on rotting are shown. Better performance of
corms stored at 35cm to 40cm depths in the present study
could be associated with a positive effect of the microenvi-
ronment (gaseous and temperature related) for sprouting
and rooting. It would be interesting to investigate changes of
compounds such as gibberellins and glutathione in the
corms during storage at different depths.
Pit storage of taro is also practised elsewhere in the world
(Plunknett and White 1979). Temperatures in the piles gen-
erally do not exceed 25°C (Plunknett and White 1979).
Phytophthora colocasiae and Pythium splendens are com-
mon causes of taro corm rots in tropical areas (Jackson et
al. 1979). Without chemical treatment, corms survived well
for up to 30 days if kept in polyethylene bags, retaining
acceptable taste and texture despite development of roots,
cormels and occasional leaves (Jackson et al. 1979).
According to the Convention on Biological Diversity,
biotechnology is any technological application that uses bio-
logical systems, living organisms or derivatives of living
organisms to make or modify products or processes for spe-
cific use (FAO 2001). This broad interpretation of biotech-
nology covers many of the tools and techniques that are
commonly used in agriculture today. Despite the broad defi-
nition of biotechnology, its narrow interpretation excludes
many of the techniques used in the agriculture of developing
countries. Indigenous knowledge in Africa and other devel-
oping countries has a potential to contribute to modern
biotechnology if it is taken seriously. In addition to the cur-
rent investigations of chemical composition of smoke, a
large body of literature could be produced to explain the
physiological consequences of smoke and possible ultra-
structural changes that occur in its presence. Those expla-
nations could further contribute to the biotechnology of
germplasm preservation. Already, there are many brands of
smoke for germination improvement (e.g. Seed Starter® and
Regen 200®) (Adkins and Peters 2001) that are part of mod-
ern seed biotechnology, and yet smoke and fire have been
used for millennia by hunter-gatherer communities all over
the world to manipulate vegetation (Harlan 1992).
Clearly, seed preservation is a better option for long-term
preservation of corms (Daniel et al. 2003). However, the cli-
matic conditions in South Africa, where taro was introduced,
do not permit true seed production. Therefore, in vitro
preservation would be more appropriate. Physiological
explanations for the survival of corms in non-sterile pits may
be known. For example, exclusion of O2 and enhancement
of CO2 in the pits may have occurred, and hence corm dete-
rioration by pathogens was delayed. Bennici et al. (1984)
demonstrated that early storage of wheat seeds in CO2 pro-
longs longevity. However, the effect of this elementary stor-
age method on the enhancement of seed corm during stor-
age is not recognised in modern agriculture. Recognition of
indigenous technologies and scientific investigations into
their appropriateness will allow a wider range of participation
in biotechnology. Perhaps that would allow the biotechnolo-
gy focus to include sustainability in addition to the market
realities. The methods of seed and corm storage described
in this study have been used successfully for many genera-
tions by people who understand their effects. However,
these people have to abandon these methods to keep up
with new technologies that they do not understand.
Consequently, their ability to maintain a reasonable food
security is threatened, and their hope of transforming sub-
sistence farming to commercial agriculture is doomed. If
biotechnology is to serve humanity, it must take the majority
of food producers, the small-scale subsistence farmers, into
consideration by including their tested experiences in the
development of new technologies. That way, the current
polarisation of the developed and developing world will be
removed and technology will be part of human development
as it always has been since humans started domestication
of plants.
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